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Rats, confined either to Skinner boxes or to activity wheels, were fed at regularly scheduled feeding times which were either diurnal, i.e., every 24 hr., or a-diurnal, i.e., every 19 or 29 hr. Even though the a-diurnal Ss had been born, reared, and tested under 19-or 29-hr, schedules to provide further support for the anticipation of feeding, they failed to show such an effect. The fact that the diurnal Ss showed both increased running and increased bar pressing in the hours just before feeding indicates that when such an anticipation occurs, it is governed by a 24-hr, biological clock rather than being based upon deprivation produced stimuli.
Rats that are fed regularly once a day quickly come to anticipate the daily feeding. In activity wheels this anticipation takes the form of greatly increased running in the hours immediately prior to feeding. Bolles and de Lorge (1962) have shown that this anticipation cannot be attributed just to regular feeding; it was found that while Ss fed diurnally, i.e., every 24 hr., demonstrated clear anticipation, Ss fed a-diurnally, i.e., every 19 hr. or 29 hr., showed little or no anticipation of feeding. Although these results indicate that regular cyclic feeding is not sufficient to produce the anticipation effect, they leave some question about what produces it when it does occur. Since both the diurnal and a-diurnal Ss were maintained in an environment that provided abundant 24-hr, cues, it is not possible to say whether the a-diurnal Ss would have shown an anticipation of feeding had it not been for the interfering influence of 24-hr, environmental stimuli, or if the anticipation of feeding is intrinsically restricted to a 24-hr, rhythm.
In the present study the environment was synchronized with the feeding rhythm. The adiurnal Ss were born, reared, and tested under 19-hr, or 29-hr, cycles of environmental conditions to provide maximum stimulus support for the establishment of an a-diurnal activity cycle. The question, then, is whether rats can anticipate a-diurnal feeding if they are maintained and fed while isolated from the normal 24-hr, world. The present study also extends the previous one by considering this question 1 Supported by Research Grant NsG-396 from the National Aeronautics and Space Administration. The authors are indebted to R. D. Ogilvie who helped in the construction of the apparatus and the design of the experiment.
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for the Skinner box situation as well as for the activity wheel situation.
METHOD
Subjects
The Ss were 54 male and 6 female rats, SpragueDawley strain, 90 and 120 days old.
Apparatus
On six standard Wahmann activity wheels with side cages, mechanical counters were replaced with electrical switches which were individually wired to cumulative recorders, so that continuous records could be obtained of all running.
Four student demonstration type Skinner boxes were enclosed in picnic chests which were mounted on rubber in a heavy wooden frame. The wheels and the boxes were in separate isolation rooms which had double walls of plywood and acoustic tile, were heavily carpeted, and were located in a small free-standing building. The isolation rooms provided 60 db. or better attenuation of all sounds above about 200 cps. Further masking of external noise was provided by exhaust fans. Illumination was furnished by two 60-w. light bulbs during the light part of the cycle and by two 25-w. red bulbs during the dark part. The lights were automatically timed to cycle half light and half dark every 19, 24, or 29 hr. Temperature in the isolation rooms rose to approximately 80° during the light half of the cycle, and fell to approximately 74° during the dark half of the cycle.
Procedure
The a-diurnal /Ss were born and reared in the adiurnal environment in which they were later tested, and lived in one of the isolation rooms until they were old enough to be tested. When the 20 29-hr. Ss had occupied one isolation room for about 3 mo., two groups of four Ss were run in the boxes and two groups of six Ss were run in the wheels. This was followed by the testing of 20 290 24-hr. Ss, again two groups in the wheels, and two groups in the boxes. Finally, eight 19-hr. Ss were run in the boxes after they had lived in that isolation room for 3 mo., and 12 Ss in the wheels in the other room when they were about 4 mo. old. The diurnal Ss were obtained from a local supplier and lived in a normal diurnal laboratory situation for 2 weeks prior to testing. All Ss were tested on their respective cycles for a minimum of 21 cycles. For each time cycle condition, one group was fed in the wheels or in the boxes approximately in the middle of light part of the light-dark cycle and the other group was fed approximately in the middle of the dark part of the cycle.
In the wheels, the feeding period was 1 hr. for all groups (except as noted below), and started 6.5 hr. after the light change for the 29-hr, groups, 6 hr. after the light change for the 24-hr, groups, and 3.8 hr. after the light change for the 19-hr, groups. All necessary maintenance, filling of water bottles, etc., was done during the feeding hour.
The isolation rooms were never entered at other times, and Ss never left the isolation rooms except briefly upon three occasions at the beginning and during testing when they were weighed.
One of the methodological difficulties encountered by Bolles and de Lorge (1962) was that rats fed for 1-hr, every 29 hr. lost weight much more quickly than those fed 1 hr. every 19 hr. In the present study, the adjustive measure was to limit the amount of food given per meal to the 19-hr. Ss and augment the 24-hr, and 29-hr. Ss' regular food (Wayne lab blox) with a high calorie food, namely, Brazil nuts. With Brazil nuts, it is possible to feed 29-hr. Ss 100 calories or more in 1 hr. so as to hold their weight loss steady at 30% while they are running 10,000 revolutions a day. Meals were adjusted by restriction or augmentation on an individual basis in an attempt to minimize differences within and between groups with respect to both activity level and weight loss. We tried to produce the following pattern in all groups: a rapid drop in weight and increase in running during the first 15 feeding cycles, and then a relatively stable weight loss of the order of 30% and a corresponding steady high rate of running during the remaining feeding cycles. The 29-hr, and 24-hr, groups were tested for 21 feeding cycles, and 19-hr, groups, which did not lose weight as rapidly as was intended, were continued to 26 days.
At the time the a-diurnal Ss were to be tested, it was discovered that there was a shortage of males, and females were substituted, four in the dark-fed 29-hr, group, and two in the light-fed 19-hr, group. Although females generally are more active than males while losing weight more slowly, these differences are small, and the records were not dissimilar enough to warrant separate analyses by sex. There was no evidence in activity level of an estrous cycle in very hungry females.
All of the Skinner box Ss were deprived for an irregular period of about 60 hr. and trained to press the bar for food. At this time, which was close to the time at which it was to be regularly fed, S was allowed to press until satiated in the experimental situation, and then was confined to its box for the duration of the experiment, 21 feeding cycles.
The bar was always present and all responses were recorded, but only responses made during the scheduled feeding time resulted in food (45-mg. Noyes pellets). For half of the Ss in each group of four, food was scheduled for the middle of the night, and for the other half it was scheduled for the middle of the day. The feeding period lasted 1.9 hr. for the 19-hr. Ss, and, correspondingly, 2.4 hr. and 2.9 hr. for the other two groups, and started 3.8, 4.8, and 5.8 hr., respectively, after the lights changed. The Ss were checked and their supplies replenished during the feeding period, after Ss had started pressing.
It should be emphasized that S had no cue to indicate the start of a feeding period; without some anticipatory or generalized responding S would miss its feeding. It is noteworthy that this never happened, and that the rate of responding was generally high enough that there was never much danger of a meal being missed except in the case of the first test meal. Upon this occasion, S was given about 1 hr. to start responding and if it did not, E delivered several "free" pellets. Only one S failed to start responding then, and it was replaced. All Ss had returned to within 5% of their pretest ad-lib, weight by the end of testing.
RESULTS AND DISCUSSION
The procedure for adjusting caloric intake in the activity wheels was judged relatively effective even though Ss were only weighed twice during testing (because of the desirability of minimizing the number of times they were disturbed). The median percentage weight loss for 19-, 24-, and 29-hr. & at the termination of the study was 33, 30, and 28, respectively. The corresponding rates of running averaged over the last five feeding cycles in revolutions per hour (rph) were 185, 139, and 173. The overall mean and SD for rate of running were 166 and 104 rph, and for weight loss these statistics were 29% and 5.7%. Running increased less than 8% per feeding cycle over the last five cycles. Therefore, we may conclude that the feeding procedures produced not only approximate equality of groups but a good approximation to the pattern of running and weight loss that was intended.
The /Ss fed in the dark part of their cycle were more active on the average than those fed during the light part of their cycle. This was particularly true of the a-diurnal Ss, who ran more than twice as much if they were fed in the dark. The corresponding increase for the diurnal Ss was only 20%. However, since there were no apparent differences in the pattern of running, the data were pooled.
The principal findings are shown in Figure CC 
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HRS. BEFORE FEEDING 1, which gives the mean rate of running in revolutions per hour averaged over the last five feeding cycles as a function of time before feeding. It should be noted that the data are analyzed in blocks of five feeding cycles because in such a block the time of day of feeding was distributed almost evenly over time with respect to the cycle, and a given time with respect to the artificial cycle was nearly evenly distributed over the external 24-hr, clock.
The diurnal Ss showed a clear anticipation of feeding indicating good temporal discrimination during the hours after the lights change (indicated by an arrow on Figure 1 ) and before eating. They also showed a second peak of activity, which was due to the dark-fed Ss running in the dark, immediately after eating, and the light-fed Ss also running in the dark, immediately after their lights went off.
By contrast, the a-diurnal Ss appeared to run in response to the light change which preceded feeding, but not to the conditions of illumination which followed eating. And, what is most important here, the a-diurnal Ss showed no temporal discrimination in the hours immediately preceding feeding; they showed no anticipation effect, but only a generalized response to illumination and a decline in running as their feeding time approached. This decline was quite general; it was shown by all 12 29-hr. Ss. Indeed, the individual records indicate that not one of the 24 a-diurnal Ss learned to anticipate feeding, whereas 11 of the 12 diurnal Ss did.
The Skinner box data were analyzed in terms of a rather unusual response measure, viz., the number of 4-min. intervals each hour in which at least some responding occurred. The relationship between this measure of the probability of responding and the more familiar raw number of responses during each hour is shown in Figure 2 , which presents the results for a single typical S during the nonfeeding hours in a 5-day experimental period, and indicates that there is a high but nonlinear correlation between the two measures. The 4-min. interval measure is more sensitive to differences between low rates of responding and increasingly less sensitive to differences between higher rates of responding. Figure 3 gives the probability of anticipa- FIG. 3 . The mean number of 4-min. intervals per hour in which bar presses occur as a function of time relative to the change in illumination preceding feeding. tory or generalized bar pressing as a function of time before feeding for Ss fed diurnally every 24 hr., or fed a-diurnally every 19 or 29 hr. The <Ss fed at night behave somewhat differently from & fed in the middle of the day, so the results of night-fed and day-fed Ss are given separately. Consider the night-fed & first. When fed a-diurnally, S waited for the lights to go off and then proceeded to respond at a fairly stead rate, i.e., S showed little temporal discrimination after the lights went off and before food became available. The 24-hr. Ss on the other hand, refrained from responding to the change in illumination for at least 1 hr., and then responded at an increasing rate as the time for feeding approaches. The dayfed a-diurnal 5s showed essentially no discrimination during the day, although the 29-hr. Ss showed a gradual increase in responding during the last hours of the night. It may be noted that the lights changed for the 29-hr. Ss about 24 hr. after their last feeding, and they behaved as though they were anticipating this event at 24 hr. rather than the feeding which follows 5 hr. later.
HRS. RELATIVE TO LIGHT CHANGE
By contrast, the 24-hr, day-fed Ss refrained from responding for almost 3 hr. after the lights went on before beginning to anticipate feeding. The temporal discrimination of the 24-hr. Ss improved gradually and continuously over the course of the testing. Their probability of responding during the day if they were fed at night or of responding during the night if they were fed in the day, dropped by a factor of about two over the 21 days of testing. Their high probability of responding at the scheduled time of feeding is best indicated in terms of how quickly they pressed after food became available. The mean interval, averaged over Ss for the last 5 days, was .38 min., as against 4.1 min. for the a-diurnal Ss.
Although the a-diurnal Ss were not anticipating feeding as the diurnal Ss were, but were responding to illumination changes, to 24-hr, temporal stimuli of some sort, or to generalized environmental cues, some of them were also showing some cyclicity. Patterns of behavior like that shown in Figure 4 were obtained from many of the a-diurnal Ss in the activity wheels. What this record shows is peaks of activity which cut across the chart obliquely, occurring
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• X X X -* X X X X * » • • • -X X X X X X XX X X ---X X X -X X X X XX X X X -X X -X • X X X --X • • X X X X X X X XX X X X X X X X X X X X 29 22 This period is evidently independent of both the environmental events, which occurred with a 29-hr, period, and of any possible 24-hr, periodicity that they might have previously acquired or that might still be present in the isolation room. The presence of such circadian rhythms, which ranged in period from 25-27 hr. in the 29-hr. <Ss, is the best evidence that activity wheel running in rats is in part governed by a biological clock which has a natural period near 24 hr. but which can operate independently of any direct external 24-hr, periodicity, and in the absence of any prior experience with the natural 24-hr, cycle. There was comparatively little circadian cyclicity of this sort shown by & in the Skinner box situation, which suggests that activity wheel cyclicity may be doubly controlled, by a hunger cycle and by an activity cycle which is relatively independent of the hunger state.
We may conclude that the rat cannot easily anticipate feedings given every 19 or 29 hr., because such cycles depart too far from its inborn circadian rhythm. It seems reasonable to suppose further that much of the cyclicity under diurnal conditions is likewise governed by a biological clock, but that in this case it is locked in precisely to a 24-hr, period by the external 24-hr, environment.
While the present results do not permit us to say that the rat cannot learn to anticipate 19-hr, or 29-hr, feedings, they do show that if such learning is possible, it must be based upon a temporal discrimination which is very difficult for the rat to make. Moreover, it now seems certain that the stimuli which control the anticipation of diurnal feeding, which the rat learns quite readily, are not those arising specifically from its physiological condition, or drive state-they are not "drive stimuli" in any real sense. The stimuli that make it easy for the rat to anticipate feeding every 24 hr. seem to be inexorably bound up with the 24-hr, cyclicity. REFERENCE BOLLES, R. C., & DE LORQE, J. The rat's adjustment to a-diurnal feeding cycles. /. comp. Psychol, 1962 , 55, 760-762. (Received September 14,1964 Journal of Comparative and Physiological Psychology 1965, Vol. 60 
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Female rats were reared in cages containing movable, immovable, or no objects. 18 days after mating they were placed in testing cages and maternal behaviors were recorded. Ss reared with no objects exhibited a delay in onset of preparturient nest construction. No postparturient differences between groups were observed, even in a replication in which no Ss built nests prior to parturition. Results are discussed in terms of importance of objects in physically defining a nesting area in which maternal behaviors can be localized, and effects of parturition on nesting corner differentiation.
It has been shown that primiparous rats display adequate nest building and retrieving 1 This article is based upon a thesis submitted to Vanderbilt University in partial fulfillment of the requirements for the degree of Master of Arts, awarded June 1963. The author wishes to thank G. W. Meier, K. N. Clayton, and Jack T. Tapp for their able guidance. This work was supported of pups without apparent prior opportunity for learning (Beach, 1937) . However, Bless (1954) reported that these behaviors did not occur in rats reared in an environment in which by the National Institute of Mental Health Predoctoral Fellowship MF-13,697.
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